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AN ANALYSIS OF A NEW TYPE REFRIGERATION CYCLE 
(MICLOSS) 
Fumio Matr;moka 
Consumer Products Research Laboratory 
Mitsubishi Electric Corporation 
Kamakura-shi, JAPAN 
L ABSTRACT 
We have developed a n~w type refrigeration 
cycle, which has greatly enhanced the effi-
ciency for refrigeration cold storage equipment, 
room ACs, refrigerators, display cases, and air 
conditioning equipment. 
The development of MICLOSS has aimed at improv-
ing the energy efficiency ratio (EER) during 
standard refriger~ting or air conditioning 
equipment operation along with improving the 
SEER. Energy losses under compressor starting/ 
stopping are usually considered to amount to 20 
or 25% of the total energy consumption. 
We conducted quantitative analyses of the opera-
tion of refrigeration cycles in connection with 
the lowering of the efficiency under nonsteady 
(transient) operating conditions, and as a 
result the following findings were made: The 
condition of the refreigerant under pressure -
which corresponds to the refrigerating or air 
conditioning capacity of the compressor- under-
goes a change when the compressor is stopped. 
When the compressor is restarted, there is a 
time lag before pressure r . .eaches the required 
level for steady (norma1) operation. As a 
result, during this period of time the compres-
. sor capacity is not fully utilized, and the 
subsequent loss of energy leads to a lowering 
of the machine efficiency. 
Subsequently, we moved to remedy this situation 
by developing a new refrigeration cycle which 
would reduce the period required for the pres-
sure within the compressor to regain its 'pre-
stop' level to a minimum. 
This new refrigeration cycle is a conventional 
cycle plus current cutoff and on/off elements 
(see Fig.l and Fig.Z). The operating principles 
are as follows: When the compressor is stopped, 
the current cutoff element and the on/off ele-
ment combine to close the refrigerant circuit, 
thus dividing the refrigerant into high- and 
low-pressure segments and maintaining both at 
their 'pre-stop' levels. Concurrently, the 
current Cl!toff element connects the byp,ass 
circuit of the compressor to equalize ·the 
compressor's discharge (high) pressure with 
that of its suction (low) pressure. 
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When the compressor is restarted, the discharge 
pressure builds up, but when it rises above the 
preset pressure value, the current cutoff again 
c~oses the bypass circuit, connecting the com7 
pressor's discharge and suction segment, and 
opens the main refrig . erating circuit. At the 
same time, the on/off element opens the refri-
gerant circuit so as to return the compressor 
to its normal refrigeration cycle. 
2. TEST EQUIPMENT AND TEST CONDITIONS 
The main merit of the new refrigeration cycle 
lies in the fact that with operation of the 
,compressor with repeated s-tart and stop, the 
pressure, the temperature, and the refrigerant 
distribution of the compresspr at the time of 
stop are in about the same as during operation, 
and accordingly, a valve has been installed to 
keep the distribution condition of the refriger-
ant gas and to prevent pressure balan_ce at the 
time of stop during the refrigeration cycle. 
In order to grasp and investigate the character-
+stics at the time of emergency stop, a small 
air conditioner with a built-in rotary compres-
sor was used as the test equipment. The outline 
is shown in Fig.3. The symbol Pin Fig.4 shows 
the pressure measuring point. 
Testing was executed with the following three 
conditions for the compressor start and stop 
time. 
(a) Operation time: 3 min, 
stop time; 7 min (operation ratio: 30%) 
(b) Operation time: 5 min, 
stop time: 5 min (operation ratio: 50%) 
(c) Operation time: 7 min, 
stop time: 3 min (operation ratio: 70%) 
Temperature measuring -was e'Xecuted every 30 sec 
with copper-constantan thermocouples soldered 
to the return bends of the evaporator and con-
denser heat tran~fe~ pipes in the middle in 
radial direction of the pipes. Fig.4 shows the 
measuring point for the evaporator. Small semi-
conductor pressure converters were us.ed for 
pr,ess~re measuring, anp recording was executed 
with a pen recorder via an amplifier. Fig.? 
shows the measuring p9ints. For the total input 
.of the air conditioner, a precision integrating 
wattmeter was used to measure the integrated 
value for the specified time. 
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Fig. 4 Evaporator temperature measuring point 
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Fig. 2 On/off element 
Ev-aporator 
Accumulator 
Fig. 3 Test equipment 
3. TEST RESULTS 
The measuring results for the time character-
istic of temperature, pressure, and input at 
the time of compressor start and stop with use 
of the test equipment shown in Fig.3 for the 
conventional refrigeration cycle and the 
MICLOSS refrigeration cycle are shown in the 
following. The test air conditions were set 
to a constant temperature of 35°C for the 
condenser side and 27°C for the evaporator and 
a relative humidity of SO%, independent of 
compressor start and stop. 
(1) The values shown in the following were 
obtained for capacity, input, and EER at 
the time of compressor start and stop, 
and the EER of the MICLOSS refrigeration 
cycle has been improved by about 20%. 
(The values 1 shown in_ the table are 
relative values. 
Refrigeration Refrigeration Input EER 
cycle capacity 
Conventional 100 100 100 
MICLOSS 111.7 92.7 120.4 
(2) The time until steady state is reached is 
about 1 min with the MICLOSS cy.cle, while 
this is not reached by the conventional 
cycle even at the time 5 min before com-
pressor stop (refer to Fig.5 and Fig.6). 
(3) The evaporator temperature distribution 
becomes constant for about 80 to 90% from 
the time of start for the MICLOSS refri-
geration cycle, and it was found that the 
evaporator is used effectively (refer to 
Fig.5 and Fig.6). 
(4) In regard to the pressure characteristic, 
the conventional refrigeration cycle shows 
a pressure peak which can be taken as 
liquid compression on the high-pressure 
side and drawing in on the low-pressure 
.side, while this does not occur with the 
MICLOSS refrigeration cycle, which soon 
"reaches a stable state (refer to Fig. 7 
and Fig.8). 
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Fig. 5 Temperature characteristic during compressor 
operation (conventional refrigeration cycle, 
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Temperature characteristic during compressor 
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Fig. 7 Pressure-input characteristic 
(conventional refrigeration cycle, 
operation ratio: 50%) 
4. ANALYSIS MODEL AND RESULTS 
The time changes for the local heat flux ai: 
the local flow quality Xk: 
the local refrigerant distribution amount Gk: 
the local density k: 
and the_local void fraction fgk: 
were analyzed from the measuring results for 
the above evaporator pipe wall temperatures 
and the inlet and outlet pressures. 
4.1 Local heat flux ai 
Pipe outside: 
Pipe wall 
Pipe inside : 
Qk Aok•ao·(To- Tek) 
Qk = Aok•A•(Tek- Teik)/p 
Qk = Aik•aik·(Teik- Terr) 
Aok x do•tk 
Aik ~(do-2d)•tk 
ao Outer surface heat flux 
aik Local heat flux in the 
pipe 
4.2 Local flow guality xk 
Circulation flow G G 
hi: Inlet enthalphy ho: Outlet enthalpy 
Local enthalpy hk hk = Qk/G +hk- 1 
Xk = (hk-hst)/(hsg-hst) from hsg = f(Pr, Terr) 
and hst = f(Pr, Terr) 
Here, Terr is the saturation of Pr. 
hsg: Saturated gas enthalpy 
hst: Saturated liquid enthalpy 
4.3 Local density yk 
4.4 
4.5 
yk = 1/(Xk•Vsg + (1 - Xk) Vst) from 
the specific volume Vsg of the saturated gas 
at Pk, the specific volume Vst of the saturated 
liquid, and Xk. 
Local void fraction fgk 
-1 fgk = (1.0 + (1.0/Xk - 1.0) •S·yg/yt) with 
s = (yt/yg)l/3 
Local refrigerant volume Gk 
Gk = x•d2 •tk/4•[fgk/Vsg + (1.0- fgk)•/Vst] 
4.6 Local pressure drop Fk 
The local pressure drop is obtained from the 
following formula. 
Fk [1.0/(do- 2p)•A'·u2 /(2·0•g·v)•l0-4 ]·(;·2k 
Fk Local pressure drop 








Corrected friction resistance coefficient A1 
A' =A ·Vst• (1.0- x/· 75 • q,2; [Vsg•x + (1.0- x) •Vst] 






Friction resistance coefficient A 
A= 0.316 Re-0 · 25 Re: Reynold's number 
Re = u (do- 2) /v v : Kinematic viscosity 
= wg/y 1-1 = vMLO- x) +vg x 
vt : Liquid viscosity ).lg : Vapor viscosity 
Correction item ¢ 
¢ = 1.0 + 1.0//X + 1.0/x 
x = Cvt/).lg) 0 "1 •Cpsg/pst) 0 "5•[(1.0- x)/x) 0 "9 
psg: Vapor density ps2: Liquid density 
Correction coefficient ~ 
This correction coefficient ~ is the correction 
coefficient includes the various pressure losses 
from bends in the piping, oil influence, refri-
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(MICLOSS refrigeration cycle, 
operation ratio: 50%) 
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Fig. 9 Evaporator temperature measurement 
point model 
Fig. 10 Heat exchanger model 
Analysis results 
The time characteristics for the local heat 
e~change and heat transfer rates for the con-
ventional refrigeration cycle and the MICLOSS 
refrigeration cycle are shown in Fig.ll to 
Fig.l4. 
The plot numbers in the figures indicate the 
data at intervals of 30 sec. and increasing 
numbers indicate a longer elapsed time from 
the start time. The plot number 1 indicates 
an elapsed time of 17 sec from the time of 
start. As shown in Fig.ll and Fig.l2, the 
characteristic for the local heat e~change 
differs considerably, where the heat exchange 
amount of latter half of the evaporator de-
creases considerably for the conventional 
refrigeration cycle, while the entire 
evaporator executes uniform heat e~change 
with the MICLOSS refrigeration cycle, and 
the volume also is larger. 
In regard to the local heat transfer char-
acteristic, the operation of the evaporator 
with the MICLOSS refrigeration cycle is 
large and with good efficiency for nearly 
the entire operation. With the conventional 
refrigeration cycle, it is already small and 
the dry point is reached at the halfway point. 
The flow quality of this point is estimated 
to be about 0.7 to 0.8. 
The local void fraction is about 0.8 near the 
evaporator inlet (flow quality 0.25) when the 
local slip ratio derived-theoretically from 
Zivi is used. The analysis results for the 
local refrigerant amounts show that the total 
refrigerant amount directly before stop of the 
compressor is increased by about 10% at the 
time of the MICLOSS refrigeration cycle. 
5. CONCLUSION 
In regard to the MICLOSS refrigeration cycle 
with improved efficiency for the not steady 
state of the refrigeration cycle, the char-
acteristics of a small air conditioner with 
a built-in rotary compressor have been intro-
duced in comparison with the conventional 
refrigeration cycle, and it has been reported, 
that the efficiency and the characteristics 
have been improved, and it is believed that 
increased efficiency also can be reached for 
other refrigeration and air conditioning 
equipment. · 
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Local heat e~change time characteristic 
(conventional refrigeration cycle, 
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Fig. 12 Local heat exchange time characteristic 
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Fig. 13 Local heat ttansfer rate time characteristic 
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